Objective: The purpose of this study was to examine the effect of ingestion of omega-3 on perceived pain and external symptoms of delayed onset muscle soreness after eccentric exercise in knee extensors.
INTRODUCTION
It is believed that delayed onset muscle soreness (DOMS) after unaccustomed exercise is partly related to direct muscle fibre damage [1] [2] [3] and that its magnitude varies with the type and intensity of exercise. 4 There is a marked increase in the proportion of disrupted muscle fibres after eccentric compared with concentric exercise, 2 which has been roughly correlated to the degree of DOMS. 5 Edema has also been implicated in muscle soreness, as demonstrated by magnetic resonance imaging 6, 7 and limb diameter measurements. 8 In addition, magnetic resonance imaging changes have been correlated with creatine kinase rise 9 and ultrastructural changes. 5 The elevations in creatine kinase begin around 24 hours, peak around 48-72 hours, and have been used as a marker of muscle damage. 10 Armstrong and Smith have suggested that the damage to the connective and/or contractile tissue initiates an inflammatory response. 11, 12 Monocytes migrate to the injured area, differentiate to macrophages in the inflammatory environment, and secrete large quantities of proinflammatory prostaglandins. The increase in prostaglandins and increased histamines, kinins, and surrounding edema are then thought to activate nociceptors (group III and IV afferents) and result in the sensation of DOMS. 11, 12 A number of treatment strategies have been introduced to help alleviate the severity of DOMS and to restore the maximal function of the muscles as rapidly as possible. Massage has shown varying results that may be attributed to the time of massage application and the type of massage technique used. Cryotherapy, stretching, homeopathy, ultrasound, and electrical current modalities have demonstrated no effect on the alleviation of muscle soreness or other DOMS symptoms. Exercise is the most effective means of alleviating pain during DOMS; however, the analgesic effect is also temporary. Nonsteroidal anti-inflammatory drugs (NSAIDs) have demonstrated dosage-dependent effects that may also be influenced by the time of administration. 13 The n-3 polyunsaturated fatty acids (PUFAs), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) have been shown to induce anti-inflammatory effects via altering cyclooxygenase 2 and lipoxygenase 5 pathways. [14] [15] [16] [17] [18] [19] These 2 fatty acids suppress the production of arachidonic acid, derived 2-series prostaglandins, and the 4-series leukotrienes that modulate the production proinflammatory and immunoregulatory cytokines. 20 In addition, EPA is a substrate for the synthesis of an alternative family of eicosanoids, the 3-series prostaglandins and the 5-series leukotrienes. 20 The increased 3-series prostaglandins have been found to show less inflammatory properties than the 2-series. Concomitantly, the decrease in the amount of 2-series might result in a decreased inflammatory response and less pain. 10 Lenn et al 10 investigated the effects of fish oil-the richest source of PUFA-and isoflavones on DOMS and reported that neither fish oil nor isoflavones were effective in ameliorating DOMS at the doses supplemented.
We chose to use omega-3 family PUFAs because (1) there is strong evidence that omega-3 family fatty acids have anti-inflammatory effects and (2) little is known about the effects of omega-3 on DOMS during exercise and sport. Therefore, we hypothesized that omega-3 can probably affect the perceived pain, range of motion (ROM) of the knee's joint, and thigh circumference as inflammation indices in individuals who were experimentally affected by DOMS. The purpose of this study was to examine the effects of omega-3 on perceived pain and external symptoms of DOMS during 1 month before and 48 hours after bench stepping training with an eccentric pattern in untrained men.
METHODS AND MATERIALS Subjects
Twenty-seven young healthy (33.4 6 4.2 years) male volunteers were recruited as subjects. Exclusion criteria included history of significant pain in the hip or knees or any severe breaks or fracture in these areas within the past 3 years, currently participating or having participated in a strength training program within 60 days before this study, internal or external appliances in these areas, pacemaker, known impaired sensitivity to pain, 10 acute trauma or inflammation, bleeding disorders, infection, severe ischemia or poor thermal regulation, history of sensitivity to aspirin and iodine, diabetes, and immune system disorders. Their descriptive characteristics are presented in Table 1 . None of the subjects were allergic to the medication. The experimental procedures and potential risks were explained to all subjects before obtaining written consent.
Ethical permission for all procedures involving humans was obtained from the Urmia University Human Ethics Committee.
Oral Omega-3 Consumption
Subjects were randomly assigned to one of the experimental (n = 9), placebo (n = 9), and control (n = 9) groups. The subjects in the experimental and placebo groups were asked to take 1 supplementary capsule per day. The experimental group took omega-3 (Viva omega-3 fish oil, Richmond, British Columbia, Canada), containing 324 mg EPA and 216 mg DHA n-3 fatty acids per day over 30 days before and during 48 hours after step training. The placebo group took a matched placebo capsule (R.P. Scherer). Subjects completed a validated semiquantitative food frequency questionnaire for assessment of habitual food intake over the preceding 12 months. The omega-3 group received 100 IU of d-a-tocopherol/ dl-a-tocopherol acetate to minimize long chain unsaturated fatty acid oxidation. Although some studies suggest that vitamin E may modulate muscle soreness or damage after exercise by decreasing lipid peroxidation, these effects are regarded as inconclusive.
Experimental Design and Exercise Protocol
After 30 days of supplementation with omega-3, all subjects performed an eccentric exercise session consisting of 40 minutes of bench stepping (knee height step-50 cm on average-at a rate of 15 steps per minute), with 5 minutes stepping and 1 minute rest between stepping periods. Subjects began using the right leg as the leading leg and changed the leading leg every 10 minutes. The amount of steps was regulated by metronome (Quartz metronome, Seiko, SQ50, Taiwan, Republic of China). The indirect markers of muscle soreness, including perceived pain, thigh circumference, and ROM in the knee joint, were measured in the first day (pretest), immediately (time 0), 24 hours (time 1), and 48 hours (time 2) postexercise.
Measurements

Perceived Pain
Each subject was asked to evaluate his perceived pain level using a Talag mentally corrected scale. In this scale, 0 exhibits no pain and the score 6 indicates the maximal perceived pain.
Circumference
Thigh circumference of all stages was measured at the same location (middle of femur) in a standing situation, using a Gulick anthropometric tape (Model J00305; Lafayette Instruments, Lafayette, Indiana).
Range of Motion
The knee ROM was determined in bending situation using a goniometer (Jamar E2-Read, Clifton, New Jersey).
Statistical Analysis
Statistical analysis was performed using 1-way analysis of variance test. Tukey post hoc test was used to locate pairwise differences when significance was found. All data are presented as mean 6 SD. Sample size was set at 9 in each group to have a 90% power to detect 1 scale measurement difference between groups at the level of 0.05 when SD within groups are assumed to be 1.064 based on previous studies. 10 The statistical software program SPSS for windows, version 13.0 (SPSS Inc, Chicago, Illinois) was used for data analysis. All statistical analyses were conducted in the null form, and the alpha level of P , 0.05 was determined as statistically significant.
RESULTS
Baseline characteristics of the 3 groups are shown in Table 1 . At baseline, there were no significant differences between the groups (P . 0.05).
Perceived Pain
There was no statistically significant difference between groups in perceived pain before (pretest), immediately (time 0), and 24 hours after (time 1) the exercise (P . 0.05), but the perceived pain was significantly different between groups at 48 hours postexercise (time 2) (P = 0.001). Tukey test indicated that the obvious differences between groups at 48 hours postexercise (time 2) were between the experimental group and the placebo and control groups, and there were no significant differences between the placebo and control groups (Table 2, Figure 1 ).
Thigh Circumference
No significant difference was observed in thigh circumference between groups before (pretest) and immediately after (time 0) eccentric exercise (P . 0.05). However, there was statistically significant difference in thigh circumference between groups at 24 hours (P = 0.05) and 48 hours (P = 0.02) postexercise. Tukey test revealed that the observed differences between groups at 24 hours (time 1) and 48 hours postexercise (time 2) were obvious between the experimental group and the placebo and control groups, and there was no significant difference between the placebo and control groups (Table 3, Figure 2 ).
Range of Motion
There was no statistically significant difference in ROM in knee joint between groups before (pretest), immediately (time 0), and 24 hours (time 1) postexercise (P . 0.05), but a significant difference was observed between groups at 48 hours (time 2) postexercise (P = 0.03). Tukey test indicated that the observed differences in ROM between groups at 48 hours (time 2) after testing were between the experimental group and the placebo and control groups, and there were no significant differences between the placebo and control groups (Table 4, Figure 3 ).
DISCUSSION
In this study, omega-3 was supplemented before and after eccentric exercise to determine its effects on exerciseinduced DOMS. The indirect indices of DOMS used included ROM, perception of pain, and thigh circumference. This is the first study to show effectiveness of omega-3 PUFAs on perceived pain and external symptoms of DOMS in untrained men. We did not find an effect of omega-3 treatment on perceived pain at 30 days before and 24 hours after eccentric exercise; however, there was a significant decrease in perceived pain at 48 hours postexercise in the experimental group. These results differ from those of Lenn et al 10 who examined the effects of 1.8 g/d of fish oil and isoflavones on DOMS for 30 days before and 7 days after eccentric exercise and found no significant effects in ameliorating perceived pain. It is possible that differences in the eccentric exercise protocol and/or muscle groups used contributed to our findings. Whereas the subjects in Lenn's study performed arm eccentric contractions using dynamometer, our subjects performed bench stepping exercise, which induced muscle 21 Stone et al, 14 Donnelly et al, 22 and Bourgeois et al 4 , who used different kinds of NSAIDs, observed no treatment effects for perceived pain at any stage of those studies. The difference between our results and those of others could be attributed to less muscular injuries and probably effectiveness of omega-3 PUFAs in reducing perception of pain. Although we did not identify the muscle damage and muscle inflammatory cells directly, which could be considered limitations of this study, it seems possible that the decreased perceived pain at 48 hours postexercise in the present study may be related to the decreased muscle damage. As stated earlier, n-3 PUFA, DHA, and EPA have been found to suppress the production of arachidonic acid, derived 2-series prostaglandins, and the 4-series leukotrienes that modulate the production of proinflammatory and immunoregulatory cytokines. 20 In addition, EPA is a substrate for the synthesis of an alternative family of eicosanoids, the 3-series prostaglandins and the 5-series leukotrienes. 20 The increased 3-series prostaglandins have been found to show less inflammatory properties than the 2-series. Concomitantly, the decrease in the amount of 2-series might result in a decreased inflammatory response and less pain. 10 Our results support this theory with regard to the inflammatory response or perceived pain, at least for 48 hours postexercise. The difference in eccentric exercise protocol and muscle group used could also explain some of the discrepancies between our results.
Our results are consistent with studies that demonstrated a decrease in DOMS with NSAIDs treatment. [23] [24] [25] Bourgeois et al 4 reported less pain at third day in subjects given naproxen compared with a control group.
As an indicator of muscle inflammation caused by eccentric contractions, muscle swelling/inflammation 26 was determined by measurement of thigh circumference. According to our finding, omega-3 PUFAs failed to prevent the increased thigh circumference immediately after eccentric exercise in untrained men; however, the significant decrease was observed at 24 and 48 hours after exercise. These results differ from those of Lenn et al 10 and Beck et al 21 who observed that subjects given fish oil acids and protease supplement, respectively, did not show significant treatment effects at any time. Peterson et al 27 also reported no significant treatment effects on muscle cell inflammation for ibuprofen and acetaminophen. These inconsistencies could be related to the type of outcome measurements. Peterson et al 27 used biopsy, whereas we only used thigh circumference as an inflammation marker. It may also be that the area of greatest inflammation was missed by the biopsy sampling in Peterson's study. The strong anti-inflammatory effects of omega-3 could be another explanation for decreased thigh circumference at 24 and 48 hours after exercise in the present study.
It is thought that increase in muscle swelling/inflammation along with myofibrils disruption after eccentric exercise results in increase in passive muscle stiffness, thereby decreasing ROM at the affected joint. 28 As an indicator of passive muscle stiffness and soreness caused by eccentric contractions, knee ROM was determined before, immediately, and 24 and 48 hours after eccentric exercise. Several investigators have measured knee ROM as an indicator of passive muscle stiffness and soreness. 29, 30 Our results showed that eccentric exercise induced loss of ROM immediately and 24 hours after exercise, and there was no significant difference between groups at these times. However, at 48 hours postexercise the loss of ROM was significantly less in the omega-3 group compared with the placebo and control groups. Our finding is in contrast to those of Lenn et al, 10 who used the same amount of omega-3 and observed no significant difference among all treatment groups at any time. Tokmakidis et al, 29 Barlas et al, 31 and Stone et al 14 also reported no effect on the loss of ROM in their studies. Also, in our recent work (manuscript in preparation), we observed no significant treatment effects for naproxen in the case of reduced loss of ROM. Rahnama et al 32 recently studied the isolated and combined effects of selected physical activity and ibuprofen control and ibuprofen groups than in the physical activity and combination (exercise + ibuprofen) groups at 1, 24, and 48 hours postexercise.
In conclusion, our results showed the beneficial treatment effects of omega-3 on DOMS at 48 hours postexercise in untrained men, suggesting that omega-3 probably had antiinflammatory effects. Therefore, based on the results of this study and current literature, the clinical use of omega-3 as a treatment of DOMS is warranted, and it seems to be an effective treatment at this dosage. Further research is necessary to examine omega-3's potential anti-inflammatory effects using a large sample size and measures of muscle damage.
